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1. Description of benchmarking distributions

6.3 Benchmarking

In order to perform a|systematic validation of the software|after each new development and to

evaluate the impact of any new code addition on the physics results and on program stability, a set of

benchmarking procedures and testing tools was defined. [The basic idea was to develop an automatic

nd quick procedure to be executed to validate new software releases and every modification where

ain structural or coding changes were introduced.

The input to this benchmarking system is a set of fundamental distributions sensitive to basic quan-

tities related to simulation effects and reconstruction performance produced by a standard simulation

setup, in particles gun mode, and a reference analysis program. The analysis of these distributions
and the comparison with the reference set of histograms corresponding to previous stable versions of
the code helps in evaluating software improvements and in detecting and fixing unexpected problems.

This procedure has been set up for both the simulation/reconstruction QSCAN packages of the
3x1x1m® and 6 x 6 x 6 m® detectors. The benchmarking procedure examines several basic analysis

quantities at the simulation and reconstruction level. At the GEANT simulation level, about 10

spsc report, April 2016



Links to previous presentations:

 Identification of benchmark histograms and control samples to check simulation results
SB meeting, October 7t,2015
https://laguna.ethz.ch/indico/getFile.py/access?contribld=5&resld=0&materialld=slides&confld=161

* News on software utilities (related to the design of the software versions validation system)
SB meeting, October 215t 2015
https://laguna.ethz.ch/indico/getFile.py/access?contribld=1&resld=0&materialld=slides&confld=165

« Benchmarking distributions of QSCAN
SB meeting, November 18 2015
https://laguna.ethz.ch/indico/getFile.py/access?contribld=0&resld=0&materialld=slides&confld=175

« Benchmarking distributions of QSCAN (and some technical information)
SB meeting, December 2" 2015
https://laguna.ethz.ch/indico/getFile.py/access?contribld=4&resld=0&materialld=slides&confld=177

« Update on hit reconstruction
SB meeting January 27%, 2016
https://laguna.ethz.ch/indico/getFile.py/access?contribld=3&resld=0&materialld=slides&confld=185

« Software organization at CCIN2P3 and CERN

WA105 General Meeting, March 8th, 2016
http://laguna.ethz.ch/indico/getFile.py/access?contribld=3&sessionld=4&resld=0&materialld=slides&confl
d=170
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The code is available on the svn server:

[svn] / WAL055oft

Index of /WA10S5S

Files shown: 2
Darectory rewision: 334 (of 334

sticky Eewston: | St |

File « Rev.
Y Parent Directory
N Qscan 330

Eicicoy 333
QA tenchmars 334




How to compile and run

; -rt]1 WALOGSoft/benchmark:

? pennace lbno 512 Jul 4 09:42 src
2 pennacc lbno 512 Jul 4 09:42 inc
1 pennacc lbno 413 Jul 4 03:42 Hakefile

1z —rtl

% 2 pennacc lbno 512 Jul 4 03:43 inc

- 1 pennacc lbno 419 Jul 4 09:49 HakeFilgL

: 2 pennacc lbrho b12 Jul 4 09:51 =rc 4
lbhio 302004 Jul 4 1 bench,exe

PENRACC

analysiz program to read root Files produced with Oscan and root Files obtained rumning reconstruction (recotask)

Suntax:
berch,exe -f afile,root -p ipass [-e new] <:

Options 3

-f input filename : afile,root

-p ipass i= an integer, to szelect different lewels of analysi=s
ipazs=0 only a dump of the run header iz produced
ipazz=l histograms related to event gerneration are filled
ipazz=? histograms related to Rawlata are produced ::::=’__
ipazz=11 hiztograms related to Hit Reconstruction are filled
ipazs=1? hiztogramz related fo 20Track Reconstruction are filled

[1 denotes an optional argument

-& ¢ number of events to process —
(optional, default: process all ewvents)

2 output files are obtained:
1) bench_afile_ipass.root: histograms file (only if pass:0)

2) bench_afile_ipass.listing dump of RunHeader and of zome events inF}=> Output




Raw data analysis

Example of execution on raw data (simulation output) for 3x1x1 and 6x6x6

bash-4,1% bench,exe -f input/rawdata_311,root Eﬁ 2 -e 10

————— #file inputdrawdata_311,root will be read
Hnu_sglgqt_ipass?E: hiztograms related to Rawlata will be filled

bazh-4,1% bench,exe -f inputdrawdata_bBEE,.root —p 2 -& 10
————— sfile input/rawdata_bBG,root will be read
you zelect ipass=F: histogramz related to Rawlata will be filled

=T T - o

total 263

druwxr—sr—x ¢ pennacc lbho 512 Jul 4 09:43 inc

—-ru-r——-r—— 1 pennacc lbho 419 Jul 4 09:49 Maketile

druwxr—sr—x ¢ pennacc lbho 512 Jul 4 09:51 =rc

—ruxr—xr—x 1 pennacc lbho 203504 Jul 4 09:51 bench,exe

druwxr—sr—x 2 pennacc lbho 512 Jul 4 11:03 input

-ru-r——r—— 1 pennacc lbno 1574 Jul 4 11:04 bench_rawdata_311_passZ,listing
-ru-r-—-r—— 1 pennacc lbhno 13250 Jul 4 11:04 bench_rawdata_211_paszZ2,root
“ru-r—-t—— 1 pennacc lbno 1807 Jul 4 11:11 bench_rawdata_BBE_paszs=2, liztin
-ru-r—--t—— 1 pennacc lbhno 22673 Jul 4 11:11 bench_rawdata_bBE_pazz?, root j‘
bazh-4,1% |

Output files

~



Dump of output logfile:

file inputs/rawdatz_311. root will be analized

R A A R R R A A R AR R A R AR AR AR AR AR AR AR AR
Folders, Trees, branches awailsble:
TGeo 1
FunHeader 1
--»theRunHeader 1
-->theGeomConfig 1

Raw data analysis

Jo)theBeanino 1 —___  Trees available in the file

EventTres 1
-->»theEventHeader 1
--3CREPRawData 1
--»CRPVoxelData 1
--»LREORawData 1

--:Hits 0 0 J
--»Tracks 0 0O

———=c—=——c———————-- RUN HEADER DUME: )
--» file produced on: Fri Jul 1 19:02:40 2016
—-» run Mumber 123456
--» Detector specification:

Configuration File Wal05 1x1x3 1. config
purityims): 3
longitudinal diffusion (L) 0O
—--» Electric field configquration:
uniform EField, walue 500 {Wicm)
--» No Light Simulation
--» Particle generation:

initial seed 123
input file selection: mu-, gun mode

Geant 3 has heen selected

========== (GEOMETRY CONFIGURATION: WaAl05 1x1x3 1.config

DETECTOR WAl05 3:xlxl
RAWDATATYPE USHORT 1
ELECMODEL ETHE L 12
CEM number 1
CEM O O 0 50 100 300 10 0.3125 0 3125 320 960 1675
time sampling 0.4
NOISE not set 0 0O -1

==================  EVENT HEADER DUMP: ========================:
Total number of events: 4000
----» 10 ewents will he analyzed

eranserse diffusion (@ 0 = Initial conditions for events generation

Geometry configuration



Output ROOT file (examples for 3x1x1): Raw data analysis

Browser |Ei|e Edit ¥iew Options Tools ﬂe|p|
Files | Canvas_1 IzllEdith |

84 @Draw@ptiun:l vI momentum

(sre - momentum
(] Makefile 10 Entries 10

D bench.exe MEEII'I 4
Dbench_rawdata_31 1 _pass2 listing HMS 0
C_'Igbench_rawdata_m 1 _pass2.root B

{k event;1

{k rarmenturn_commpanent ;1
{k meoord;1

{k Weoord; 1

{k Zeoard;1 B
ke 6—
| B theta;l H B
—_— - kg b -
----{Aeneﬂ

{k ened;1 4
| emene; 1 B
{k ernened; > B
|, hene;t B
| i heneg;t 21—
{k elost;1 B
| g hittechwired_v0_CRMO;1
m{kh_lttEdWIrE#‘ﬂ‘EHN_ID_” DII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
{k single_charge_deposition_w0_CRMO;1 0 1 o 3 4 5 5 7 A a
{k single_charge _deposition_w1_CRMO;1
{A total_charge_perstrip_w0_CRMO;1

| da total_charge_perstrip_v1_CRMD;1 T =
Command |

Jallg]

Distributions related to generation quantities



Output ROOT file (examples for 3x1x1): Raw data analysis

Browser | Eile Edit Miew Options Tools Help
Files | Canvas_1 @IEdith |

4 W {2 Draw Option: | ~] total_charge_perstrip_vO0_CRMO
[Csrc - satal_charge perstip v CRMO

[ ] Makefile Entries 2307

| Jbench exe Mean 63.22
D hench_rawdata_311_pass2 listing BRMS 30.65

C_']ghench_rawdata_m 1 _pass2.root

Lk event;l

Lk momenturn_component;

Lk Aooord; 1 20

Lk wooord; 1
Lk Zeoard; 1

Lk rnarnerturn; 1

| g theta:1 ;
| . gtz
{k ene: 1

{k eneq;]
Lk BMEnE; 1 :
Lk emened; 1 5 20
Lk hetie;1

Lk here;1
: 10
| g elost;1

60

40 Raw data

30

Lk hittecwire#_w0_CRMO;1

----Lkhittedwire#_N_EHMDﬂ E!Lﬂ ’“‘ru'"—iht“hl ||I |"H Fobo b d |
0 il Lo L I

|l single_sharge_deposition_v0_CRMO;1 0 20 40 60 80 100 120 140 160 180 200
Lk single_charge_depasition_w1 _CRMO;

n

.I‘k tDtaJ_charge;mrstrip_ﬂ_EHMEI;1 T AR e A e v
# Command |

Raw data: charge depositions on strips, total charge collected by strips for view Q/1



Example of events generated with 6x6x6 geometry : Raw data analysis

Files | Canvas_1 @IEdituH |
5V & Draw Optar: | k1 total_charge_perstrip_v0_CRMO

I_k hened;1 - fotal_charge_persirip_vi_ CRMO

|y slost; 120 Entries 6711
Lk hittechwire#_w0_CRMO1 Mean 54 57
Lk hittechwvire#_w1_CRMO1 HMS 30.5
Lk single_charge_deposition_w0_CRMO;1 100
Lk gingle_charge_deposition_w1_CRMO;1
Lk total_charge_perstrip_v1_CRMO;1

| fa hittectwire#_vO_CRMI;1 80
| g, hittechwive#_1_CRMI;1

Lk single_charge_deposition_w0_CRM1 1
Lk sinigle_charge_deposition_w1_CRM1;1 f 60

re pe ate d Lk total_charge_perstrip_v0_CRM1;1 [ :|

Lk total_charge_perstrip_w1_CRM1

for the 4 | la hittechvire#_vO_CRM2;1 :
| Ja hittedwire#_v1_CRMZ;1 40
C R M S Lk single_charge_deposition_v0_CRM2;1 >
Lk single_charge_deposition_w1_CRM2;1
Lk total_charge_perstrip_w0_CRM21
Lk total_charge_perstrip_v1_CRM2;1
| hittedwive#_v0_CRM3;1

| g, hittechwive# 1 _CRMS;1

Lk single_charge _deposition_w0_CRM3;1
Lk single_charge_deposition_w1_CRM31
Lk total_charge_perstrip_v0_CRM3;1
l.k total_charge_perstrip_v1_CRMI:1 T =

..... s Command |

]
=

Hhml..-.|m-{|||||||||||||||||| M‘ﬂ"tm#ﬂmumn-h.hrﬂ
20 40 60 80 100 120 140 160 180 200

DD_L;_;C“-II

= Benchmark distributions are produced for 4 CRM.
= This is the same for all processing steps (raw data analysis or reco data analysis) .

» |n the following slides examples on 3x1x1 only will be shown n



Example of execution on reconstructed data Reco data analysis

(ipass=11 and ipass=12)

bash-4,1% bench,exe -f inputdreco_211,root -p 11 -& 10 _
————— File inputdreco_311,root will be read
yoll zelect ipass=11: histogramz related to Hit reconstruction will be filled
bazh-4,1% bench,exe -t inputsreco_sll.root -p 12 -2 10

————— #file inputdreco_31l,root will be read

you select ipazs=12: histograms related to 20Track reconztruction will be filled
bazh-4.1% 1= -rtl

total BEO

druwxr—sr-x 2 pennacc lbno 012 Jul 4 03:43 inc

—-ru-r——r-— 1 pennacc lbno 419 Jul 4 09:43 Makefile

druwxr—sr-x 2 pennacc lbno 012 Jul 4 09:51 =zrc

—ruxr—xr-x 1 pennacc lbno 303504 Jul 4 09:51 bench,exe

druxr—sr-x ¢ pennacc lbno 012 Jul 4 11:03 input

-ru-r——r-— 1 pernacc lbno 1574 Jul 4 11:04 bench_rawdata_211_passZ,listing
-ru-t——r-— 1 pennacc lbho 13250 Jul 4 11:04 bench_rawdata_311_passZ,root
-ru-r—--r-— 1 pernacc lbno 1807 Jul 4 11:11 bench_rawdata_BEE_pazs?,listing
-ru-r—-—r-— 1 pernacc lbno 22673 Jul 4 11:11

-ru-r——r-— 1 pennacc lbno  21%7 Jul 4 12:07 bench_reco_311_paszsll,listing
—ru-r—-r-— 1 pennacc lbno 14345 Jul 4 12:07 bench reco 311 paz=11.root
-rw-t——r-— 1 pennacc lbno  21%7 Jul 4 12:08 bench_reco_3ill_pazsid,listing
—rw—r——r——.l pennacc lbno 24065 Jul 4 12:08 bench_reco_311_passl12,root

hoached 1%

Now these are 2 different steps—> the code can be modified to run on hit and track
reconstruction results in one step.
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Ascii logfiles = name of input file (raw data) Reco data analysis

—> date on which the reconstruction was run
—> reconstruction parameters (for tracking some information are to be added)

=S=========================== HIT EECONSTEUCTION ===================================

input file: Wal05 311 testl 1t root
Algorithm selected AlgoMoltiHit
hit reconstruction run on :Sakt Jul 2 23:35:30 2016

Hit reconstruction parameters :
2.5 2.5 8993 999 3 10 10
ROI definition
20 4 05 -0.1 &5 10

============================HIT RECONSTRUCTION ===================================

input file: WaA105 311 testl 1t rookt
Algorithm selected AlgoMultiHit
hit reconstruction run on :Sak Jul 2 23:35:30 2016

Hit reconstruction parameters :
2.5 2.5 94939 9938 3 10 10
R0I definition
20 4 0.5 -0.1 &5 10

input file: WA10S 311 testl 1t root
Algorithm selected &AlgoMultiCRTrack
track reconstruction run on :Sat Jul 2 23:35:30 2016

Track reconstruction parametecs

13



' i i R ta analysi
Ipass=11, hits reconstruction:

Files I Canvas_1 @I Editor 1 (]

84 V3 Draw Opton | =] tothitcharge_v0_CRMO

= — T B x

----- ‘E bench_rawdata_BEE_pass2 root * tothitcharge_v0_CRMO

----- D bench_reca_311_pass11 listing .
[—]---ﬁgbench_reco_m1Jaa331l.rou:ut Entrles 2368
g event: Mean 57.42
RMS 25.09

Lk momentum_component ;1
Lk Heoord; 1

|_k wWeoord; 1

Ik Zeoord; 1

Lk mameritum;1

| thetat

| g ki1

|.k ene;l

|.k eneq; ]

{k ermnene; }
|_k emene; 1
| here;1

Lk heneg;1
{k elost; 1

| umberothits_vO_CRMO;
| rumberofhits_v1_CRMO;
| hittechwires_wO_CRMI;
| ittechwives_v1_CRMO
| itsperwire_vi_CRMO;1
| itsperwire_v1_CRMO;1
| hitcharge_w0_CRMO;1

| g hitcharge_w1_CRMO;1
I

| da tothitcharge_+1_CRMO;1
----- D hench_reca_311_pass12 listing

----- ?g hench_reco_311_pass12 root
o o ~

= number of reconstructed hits,

= strips with at least one hit

= # hits/strip,

= hits charge,

= total charge on strips from hits reconstruction

[=p}
o

(4] £ o
o (=] o

2]
[

o{?gilll|I||I|I|II|I|I||I|I|||I|I|I|

—
o

n|n|||||||80r’|b—‘w Mmﬂﬂuﬂm&uﬁﬂmmnnhﬂnhﬂ_wﬂdﬂlm|

20 40 60 100 120 140 160 180 200
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ipass=12, tracks reconstruction: Reco data analysis

Files I Canvas_1 [x] I Editar 1 |
T b NN trkpoint_charge_v0_CRMO0
|k elost?{ - trkpaint_charge v0 CRMO

{A nurnberof2 Dtracks_w0_CRMO;1
{A rumberof2 Diracks _w1_CRKO;1
{k track _initial_shope_w0_CRMO;1 60
{k track _initial_shaope Ervor _w0_CRMO1
| track_final_siope_v0_CRMD;1

{k track_final_slopeError_w0_CRMO;1

Entries 2359
Mean 56.62
RMS 23.61

| da trkpeint_<_v0_CRMO;1 50
| da trpoint_z_v0_CRRO;1

| g numberahititrk_w0_CRMO;1

| trk_hitcharge_v0_CRMO; 40

| trk_hitt0_vO_CRbO;1
| trk_hits_v0_CRMO;
{k trk_deltahitcharge_w0_CRMO;1

{k trk _dleltahitt0_v0_CRkO;1 30
lk trk _dleltahit:_0_CRMO;1

{A track_initial_shope_w1_CRMO;1

{A track_initial_slopeError_w1 _CRMO;1 ¥ 20

| track _final_siope_v1_CRMD;1
{k track _final_slopeError_w1_CRMO;1
| A trkpoint_x_v1_CRMO;1

| Ja trkpaint_z_w1_CRMO;1 10
| & trkpoint_charge_v1_CRMO;
| g numberohititrk_wl_CRMO;1

Ll t_pitcharge_1_CRMO;1 olm wo o (0 0 Ly T ﬁﬂu%ﬂmmﬂuﬁmﬂmﬂuﬂlﬂulhmmmnmﬂ o1l

e o _cavos 20 40 60 80 100 120 140 160 180 200

| trk_hits_v1_CRMO
{k trk_dleltahitcharge_w1_CRMO;1
| trk_cettahittd_w1_CRIMO

{k trk_dleltahitx<_w1_CRMO;1 Command I
[ Mhin I

o

= Number of tracks

= Track slope

= |Info from points associated to reconstructed track: charge, x(y) position, z position
» Info for hits belonging to track : charge, x(y) position, z position

» Info for deltarays belonging to track: charge, x(y) position, z position

15



Conclusions on benchmarking

= The code is available on the svn

= |t provides also examples on how to read the output root files and access stored quantities

= |t works both for 3x1x1 and 6x6x6 geometries

= New distributions can be added, following the progress in the reconstructions and
needs to check specified distributions

De takuya.hasegawa@kek jp 4 Repondre | < Répondre atous |~ | =p Tr
Supet Benchmarking of our WA105 software

Faur LEMOdema-all@cern.chi, lbnodemao-sh-sci-physl@cern.chis

Dear Colleagues,

As was discussed at the BI-UWEEKLY science board meeting on 7-October,
science board propose to establish the process of benchmarking of our
WA 185 software. Please look at the slide

https://laguna.ethz.ch/indico/getFile.py/access?contribId=5&resId=0&materialld=slidesficonfId=161

https://laguna.ethz.ch/indico/getFile.py/access?contribId=3fresId=0&materialld=slidesficonfId=161

7

According to the discussion, we would like to hear your idea on

benchmarking. Your proposal will be compiled and discussed at bi-weekly
meeting.
\

To avold unnecessary e-mall traffic, let's utilize e-group lbnodemo-sb-
sci-physicern.ch for the communication. If you are interested in this
discussion but not subscribed to lbnodemo-sb-sci-physilcern.ch, please
subscribe.

Thank you for your contribution in advance.

Mail sent of October 71,2015 by Hasegawa-San

Best regards
Takuya
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Purity measurement for muon tracks
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= One of the task of the online monitoring is the measurement of the purity.
= this measurement is performed using cosmic rays tracks

= The feasibility of this measurement has been tested using raw data (horizontal
tracks), and results have been presented at the Science Board meeting
(11/18/2015), at the General meeting (03/08/2016), and have also been included in
the SPSC report.

Example: electron lifetime (LAr purity) analysis
charge deposition (per strip)

lifetime = 3 ms

Drift distance= 400 com
t distance 100 ¢
Drift digtance= 200 cm 24

. Drift distance

= From fit:
i : 1 qo =354fC
_ ot T = 3.01 ms

Ly
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SPSC presentation, April 2106
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This study has been repeated with reconstructed tracks.
(the code used for tracking reconstruction is available on the svn)

Analysis methodology
To set up the method, the 6x6x6 geometry has been used, to exploit the full drift distance.
Only one CRM will be taken into account (CRMO) : our priority is the data taking of September
with the 3x1x1 prototype whose anode counts only one CRM
The method has been tested on samples of muon at different generation angles

Once the method has been set up, it has been applied to 3x1x1, to check the results



1st sample: muons at 4 Gev, 2K events ¢ =450 | crossing only CRMO, 7=3ms

-Eventbrawsing = gyl [view 0 CRP 00 ~| [Wiew1 CRP 00 ~
PreulNextl —I I _I I _I CRMO
View 0 View 1

E- 500 E 600
s| C s L
[a) = [a] -
= L. = C
5 500 C S 500 B

400— 400/

300— 300—

200— 200

100— 100[—

B 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 I:I:' B 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 I 1
/ —%DD 250 =200 =150 =100 =50 0 —%D{] —250 =200 —150 =100 =50 0
View0 X (cm) Wiew1 X (cm)

crmO

drift

20




.E\:Sibﬁ:;ing ﬂl | view 0 CRP Al x| |view 1 CRP &l =l ALL CRMS

View 0 View 1
= 600 = 600
S S
[m] - [m]
= B =
5 500 5 500
400 400
300 300
200 200
100(— 100
B IIII|IIII|IIII |IIII|IIII|IIII
B0 -200 -100 0 100 200 300 Yoo —200 -100 0 100 200 300
View0 X {cm) View1 X (cm)




Some crosschecks on the total charge at raw level, hits and track ....
Total charge collected on strips (raw data) Total charge collected from hit reconstructions

total_charge_persirip w3 CRMO

- Entries 1849208 E

22000— Mean 46.81| 22000

20000/ RMS 2648] f—

18000~ 18000 —

160005 16000

140003— 140003—

120002— 120005—

10000; moonf—

8000 8000

60003— 6000/

4onoi— fC 40002—

2000 2000 fC
OB d L L L L T T L oEid Lo b b by b e e
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200

Total charge collected from track reconstruction

trkpoint_charge_v0_CRMO
Entries 1846299
Mean 45.96
RMS 25.68

24000
22000
20000
18000
16000
14000
12000
10000

8000

6000

4000

2000 fC (see later)

IIdJlIIIlIIIIIIIlIIIlIII I:|| | | | - 22
0 20 40 60 80 100 120 140 160 180 200

<



the 3 distributions are in good agreement

24000 [ fotal_charge_perstrip v CRMD
— Entries 1849208
22000—
= Mean 46.81
20000— Raw data RMS 26.48
18000 - Hit reconstruction t -xpnij charge_v0_CRMO
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Before moving to the purity measurement, it is useful to remind that the charge collected using
track reconstruction information is obtained from hits and delta rays associated to the track

/__ |
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- / 10000} —
20000/— [
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= Due to impurities, the collected charge is a decreasing function of drift time  Q=f(ty,if,)-
= Points belonging to this function can be represented as P=(ty,i ,Q);

= To build these points , the drift distance is divided into n equal bins

z=600 cm




Let’'s assume now to divide the full drift distance (6m) in 60 bins

- Expected loss on one bin ~2%:
.067

1 bin= 10cm, 0,067 ms each > e 3 ~98%  G—

.067

5cm-> e (32 ~99%

134

20ecm > e 3 ~ 95%

_(ﬁ)
50cm > e 3’ ~89%
z=600 cm

.67

1m-> e G ~80%

A set of histograms (60) for each view is obtained,
and each track enters in each histogram,
depending on its length and on its starting and
ending points

z=0




Sum of

hits belonging to the same 10 cm bins:

View 0

%)
=
=

IIIII.lIIIIlIIIIlII

190

Drift D {cm)

180

170

160

150

140

130

120

1192{]'

-18 -16 -14 -12 -10 -8 —bB —4 —-2 0
View0 X {cm)

Zoom of the track (red) with
associated hits (blue)

the track is divided in n bins of 10cm in z, and, for each bin, the charge depositions of
all hits belonging to the tracks are summed - a “vector” of charge depositions is built
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Effect of bin quantization
Considering 2 tracks with their first point in bin 1:

- the charge deposition in the first bin depends
bin 2 on the starting point of the track inside the bin

bin 1

and their last point in bin n :
The same effect is also present in the last bin.

bin n

->To avoid disuniformities the first and the
last bin of each track are not taken into

bin n-1 account
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Each component of the charge depositions vector corresponds to one point P=(lqift ,Q) where

. . § 2001
tyirt = center of the time bin, 3 Zool
135, 145, 155 cm in the example °
Q= Xhits charge ‘“NTS
» 05_ -.."""--..___“‘:: Phits
1305 I it
120F-
g e
View0 X (cm)
300[—
250 — 1m drift
- 2m drift . o
00— 3m drift -> Charge depositions in bins of 10 cm
C Am drift corresponding at different drift distances
150 5m drift _ o
- ->moving to longer drift distances, the
C peak moves to lower values and the
1001 distribution becomes narrower as expected
i ILH due to the charge reduction g=q0*exp(-t/7)
50—
: ..lr’_J;.'rg‘—jﬂﬁﬁhﬂa;_.;.:_--_l_b--
% 200 400 600 800 1000 1200 1400 1600 1800 2000

fC 29



Before moving on in setting up a method to measure purity, it is necessary to come

back to some slides shown in the SB meeting hold on December 2"d
https://laguna.ethz.ch/indico/conferenceDisplay.py?confld=177

The subject of these slides was the dependence of the mip position on track angle:

Different muon samples:

muons, p = 4 GeVic

beam coordinates : x=-305,
y=-305,
z=0

beam angle: 17 =90°

Angular dependence

CRMO

p=350
@=400
p=450
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https://laguna.ethz.ch/indico/conferenceDisplay.py?confId=177
https://laguna.ethz.ch/indico/conferenceDisplay.py?confId=177
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The 2 views are no longer equivalent, and the charge hits varies with angle:

charge v0_CRMO

a00a

000

000

G000

5000
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AL I AR M

=13

-
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0 100

Hit charge(fC)

8000

Ta00

S000

5000

4000

3000

2000
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=]

@=35"
@=40"
charge_vi_CRMO @=45 0

3 1R %Y |

51 P8 RN L

- S it :

— & I Rkt T : i

F, [ v A PPN IR I o i o G L T

T

20 30

70 a0 o 100

Hit charge(fC)

It is necessary to associate to each hit the “effective pitch”, depending from angles,

It represents the width of the LAr slice seen by the hit

SB meeting, 12/02/1016
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To take into account this angular effect the value of the charge deposition has to be
“normalized” w.r.t the track angles, using angles provided by reconstruction.

A different approach can also be used - normalize the bins to the one with shortest drift :
Larift

Example of tracks going upwards or downwards (with

correspondlng to the minimum drift time

The charge value of different bin is normalized to the one of
the first bin (all are, on average, less than 1) |—|

v

Im drift
2m drift
3m drift
4m drift
5m drift

220
200
180

7]
(=]

140

120
100
80
60
40
20

(=]




These histograms are then fitted with a gaussian , to get the peak value:

b inf=Th-»GetMean()) - (h->GetRMS ()3 ;
b zup=ih-:GetMean () )+ (h->GetRMS () ) ;

if (nent>99) {
h-:Fit("gaus", "0", " ", b_inf, b_sup) ;
Tstring fitresult=gMinmit-:fostatu;
1f (fitresult BeginsWith("CONVE")) itowrite=1;
}

to get meaningful results from the fit it is required to have at least 100 entries, otherwise the fit
IS not done

the fit is performed in an interval defined starting from histogram mean value and rms

Results are written to an external file, and then a fit to measure lifetime is performed->
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Fit examples for different drift lengths
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Fit results:

View 0
¥Z 7 ndf 40.27 /52
1 [;_ p0 0.9945 + 0.001872
Cam > [ o 3073 £ 8.226
L Rey ]
08— hzzsﬂ'g
05— TREaL T =(3.073 =.008) ms
04— h=========--
et View 0
Fit starts from —
1 as expected L E— T Seoo e e 00 gsbp - W ——
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View 1
¥/ ndf 46.86 / 52
i;_ nl 0.99 00017
! e, p1 3076 + 8.053
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- ":E
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The method has been tested on a sample of muon generated without lifetime effect...

View 0
1IE:!::!=='-'--!.==':!‘:!=-=;=!;i!--".=-=';=--;=-="'i=$
08— Y2 ndf 4762752
L pl 0.9800.4.0.001844
or —>| p1 7.698e+10 + 1.414
04l
= ViewO0
00 L1 |5{|}IDI L |1'DIDUI L |15|[JUI L1 IQﬁIDUI Lo |25|EIUI Lo |3ﬁ|00| L ISEIDUI“.-.-!JDIDUI L
Drift time
View 1 . . .
The distributions are
1IE—E'='==.=='I-===;-=.;=l;;-I-!----!.!;==-I-i=-l-.=-.="l ﬂat, as eXpeCted
e K2 ndf 57.15752
— p0 0.9845 + 0.001567
08— > |_p1 B8.216e+10 + 1.414 |
pal
i View 1
00 L1 IS{LDI L I1'Dl:lﬂl L |15l:lﬂl L1 IQﬂl:lUI Lo IQEEUI Lo ISDIDUI L ISSEUI..-.-.!&EUI L

Drrift time
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..and on a sample of muons crossing the detector from top to bottom:
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The method has been tested on a sample of tracks at different angles:

theta hphi
hphi
I 2500 — _ Entries 4000
1000 — — Mean 0.7803
- - RMS 0.02895
— 2000|—
BOO |— -
- Theta - Phi
- B I
= 1500 —
600 |— -
= 1000 —
400 |— -
= 500 — w
200 |— =
: |7 0 C T L | | T |
) ol e e ey ey by ey by by i} 05 1 15 2 25 3
0 05 1 1.5 2 25 3
For comparison: values for previous sample:
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2000 — - 2000 E— — Entries 2000
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1200 — Theta 12003— Phl
1000 — 1000 —
800 f— 800 —
600 E— 600 E—
400 = 400 —
200 f_ 20—
= - ! ! ! | ! !
00_ I cr_|5 e : — |_|5 I é 2_|5 I EI. % o5 15 2 25 3
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Fit results on the sample with random angular directions:

View 0
% [ ndf 33.28/ 51
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The sample with random directions used for the fit corresponds to 4K tracks:

_ thin0_5
2o
180 RMS 0.1706
1503—
1403—
120 Normalized charge deposition
100 for a drift distance of 50 cm
80—
snf—
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Fit results with lower statistics (a subsample of 2K tracks):

View 0
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tbin0_5

thin0_5
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Mean 0.8592
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Fit results with lower statistics (a subsample of 1K tracks):
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Last useful bin: 100 track, drift distance ~5m

(=] 3] S

D'III|III|III‘TIII|III|III|III|I

[s1]

tbin0_49
thin0_49
Entries 109
Mean 0.383
BRMS 0.142

° ' ’-l-l-‘oe ' |-|_'|0|3 #ﬂ 12
Summary:
Real lifetime -1 =3.00 ms
Ak tracks - =(3.05 +.008) MS

+
2k tracks (subsample) 7 =(3.05 +.012) ms
1k tracks (subsample) 7 =(3.04 +.019) ms
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just for check-> same sample of muon generated without

View 0

lifetime effect:

[ :] _—
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LA L jeting

The same method has now been applied to muon generated assuming the 3x1x1
configuration:

View 0 View 1
100 — 100
£ C
n 1_(.3' L
90 o 90
- = -
80 Q 8o
70— 70—
BO 60
50 - 50—
40 40
30 30
20— 20
10 - 10 .,
- P - LY ]

. R - .
_IIII|IIII|IIII|IIII|IIII|IIII::IIII III|IIII|IIII _IIII|IIII|IIII|IIII|-'|' II|IIII
50 -40 -30 -20 -10 0 10 20 30 40 50 Y50 -100 -50 0 50 100 150

YiewD X (cm) View1 X (cm)
drift
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Fit results:
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To test the method in a realistic situation, a sample of cosmic has been generated.
Some examples:
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results of purity measurement:
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Conclusions:

A method to measure purity from muon tracks has been developed.

It is independent on track direction, on track starting point, and it is based on 2D track
reconstruction. Two measurements of purity are obtained, one for view 0 and one for view 1
(this a cross check, since the 2 values have to be equal)

It is based on a script which requires as input the root file from reconstruction. For each
analyzed file (filename) the script produces a directory (purity filename) containing all
results.

This script which runs an executable, generates and runs a root macro to analyze the output
of the executable in order to determine the purity values.

The code still needs some cleaning up, it is not yet committed.

To be done:

Since for the 3x1x1 the trigger counters will select nearly horizontal tracks, it is probably
needed an additional method to evaluate the purity using horizontal tracks at different drifts



